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Chapter 17
Socio-economic Aspects of Marine 
Bivalve Production
Gesche Krause, Bela H. Buck, and Annette Breckwoldt
Abstract This paper provides an overview of a number of socio-economic aspects 
related to bivalve aquaculture focussing on cultural services these activities provide 
to the culturing communities. Some direct socio-economic benefits of aquaculture 
in general exist through its supply of highly nutritious foods and other commercially 
valuable products. Additionally, it provides a variety of jobs and creates a set of 
income options. Yet, the question arises how to capture these in a coherent manner - 
what data is available and applicable to assess sustainable aquaculture in an inclu-
sive way?
Starting with some general information on marine bivalve aquaculture develop-
ment and the local contexts of the producing (usually coastal) communities, the 
paper discusses what it takes to generate meaningful information needed for 
decision- making and governance of the sector. To date, such decisions about marine 
aquaculture development are still (too) often based on incomplete and short-termed 
information, particularly in relation to socio-economic dimensions. Consequently, 
inadequate accounts of how trade-offs are associated with different development 
options are made. Aquaculture expansion may come at the expense of increased and 
possibly unsustainable pressure on ecosystem goods and services, ultimately jeop-
ardizing people’s food security, health and livelihoods. Its development may there-
fore generate negative impacts on other industries and people’s livelihoods, e.g. 
fisheries, agriculture, shipping, and tourism. Additionally, in some cases, benefits 
derived from aquaculture systems are moving away from the local communities 
directly affected by aquaculture to stakeholders operating at a global market level. 
These considerations are discussed in this paper. Central focus is placed here on the 
question of how a more direct way of cultural inclusion of the local (mostly coastal) 
communities directly involved and dependent on marine bivalve aquaculture could 
occur.
Exemplified by case-studies, the paper will look at the culturing communities 
themselves, their everyday challenges, socio-economic controversies and benefits 
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but also conflicts related to e.g. management and certification schemes. Our focus 
hereby is exclusively on cultured bivalves, not on the many and complex systems 
around the world where wild bivalves are harvested. Marine bivalves can represent 
important opportunities for economic activity and social cohesion in coastal rural 
areas, providing many jobs in those areas that are often otherwise economically 
depressed. Provided for a good governance set-up, the culturing community thereby 
contributes to the wellbeing of all its members – which in turn is defined as the 
willingness of members of a society to cooperate with each other in order to survive 
and prosper.
Due to its ocean-bound nature, marine bivalve aquaculture could also provide an 
occupational alternative for displaced fishermen. Its development can preserve the 
character and ambience of seaside fishing communities, utilize the local acquired 
knowledge and skills of the coastal folk, and allow the local denizens to remain 
economically and culturally tied to the marine environment. The consideration on 
the socio-economics of culturing communities should, however, neither stop at the 
local level, nor at the border of each country. On a national level, main consider-
ations must stress small-scale units which, due to their size, pose fewer management 
problems and function with more flexibility. These projects must have a privileged 
status on domestic markets particularly in developing countries. From then onwards, 
they hold the potential, via well-developed and sustainable markets and trade path-
ways, also to extrapolate internationally.
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17.1  Background
Scotland will have a sustainable, diverse, competitive and economically viable aquaculture 
industry, of which its people can be justifiably proud. It will deliver high quality, healthy 
food to consumers at home and abroad, and social and economic benefits to communities, 
particularly in rural and remote areas. It will operate responsibly, working within the carry-
ing capacity of the environment, both locally and nationally, and throughout its supply 
chain (Shared Vision, Scottish Government on Scottish Aquaculture1)
This vision of the Scottish Government towards aquaculture generally sums up 
nicely the great potential of sustainable culturing; it reflects the definition of sus-
tainable aquaculture, which will be used in this paper. However, to date, aquaculture 
has not yet fully realized its potential as a source of food, nutrition, and income 
generation, among other (e.g. technological) reasons often due to the unavailability 
of the metrics or tools for understanding and assessing the social and economic 
impacts. This is in stark contrast to the fact that the interest and investment into 
marine aquaculture to provide humankind’s increasing demand for (sea)food is 
spreading and growing rapidly globally (Anderson 2002; FAO 2016; SAPEA 2017). 
Thereby, a ‘people-policy’ gap remains for many aquaculture endeavours (Krause 
et al. 2015), i.e., the gap in available knowledge and available policies taking up this 
knowledge in an integrated way, a gap in knowledge exchange between the aquacul-
ture industry, policy makers trying to support aquaculture development and people 
who depend on aquaculture for a job and/or food source.
Among various institutions around the globe, this gap has seen increasing atten-
tion over the past years, leading to more research attention at the human-nature 
interface. In the following, we consider marine bivalve culture as part of a social- 
ecological system (SES) in which humans are considered an intrinsic part of the 
1 Strategic Framework for Scottish Aquaculture (www.scotland.gov.uk/library5/environment/sfsa-
00.asp).
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natural system. SES can be defined as bio-geo-physical territories with their associ-
ated social agents and institutions (following Glaser et al. 2012), where the indi-
vidual parts of the system mutually interact, shape and reshape the resource itself, 
its goods and benefits, and its governance. While this paper does not intend to apply 
the SES concept to all these individual parts in the context of bivalve aquaculture – 
considering aquaculture as part of a SES involves envisioning a paradigm shift from 
the persisting strong focus on biological, technical, and economic considerations of 
aquaculture. This shift was the main driver behind developing this paper. As a case 
in point, the International Council for the Exploration of the Sea (ICES) has 
increased their activities at this interface for the north Atlantic, leading to the estab-
lishment of the Strategic Initiative on the Human Dimension in Integrated Ecosystem 
Assessments, whose task is to develop strategies to support the integration of social 
and economic sciences into ICES work. More specifically for aquaculture, the 
Working Group on Social and Economic Dimensions of Aquaculture (WGSEDA) 
addresses this gap, with the question of how to balance the negative and positive 
socio-economic consequences of aquaculture development. Motivation behind its 
founding was the observation that while in many instances the introduction of aqua-
culture was technically a success, socio-economic and cultural factors of the tech-
nology were not well-adopted by local communities and municipalities. Oftentimes, 
some of these activities are more visible, such as farm construction, and some to a 
lesser extent, such as the manufacturing of processing equipment, or hatcheries 
(Krause et al. 2015).
The question arises how to identify and capture the direct socio-economic ben-
efits of aquaculture in general through its supply of highly nutritious foods and other 
commercially valuable products whilst providing a variety of jobs and creating a 
network of income options. What data is available and applicable to assess sustain-
able aquaculture in an inclusive way? More often than not, available socio- 
economical relevant data is not regarded as being of relevance to aquaculture, and/
or is not being collected at the appropriate scale or level to generate meaningful 
information needed for decision-making and governance of the sector. Consequently, 
inadequate accounts are made of how trade-offs relate to different development 
options. Hence, aquaculture expansion may come at the expense of increased and 
possibly unsustainable pressure on ecosystem goods and services, ultimately jeop-
ardizing people’s food security (and health) and livelihoods (e.g., in events of 
bivalve diseases, parasite infestation). Its development may therefore generate neg-
ative impacts on other industries and respectively related livelihoods, e.g., fisheries, 
agriculture, and tourism. Additionally, benefits derived from aquaculture systems 
are in some cases shifting from the local communities directly affected by aquacul-
ture, to stakeholders operating at a global market level.
These considerations form the point-of-departure of this paper, which will focus 
in a more direct way on the local (mostly coastal) communities directly involved 
and dependent on marine bivalve aquaculture. In many countries in e.g., Asia, North 
America, and the Mediterranean, bivalve culture has been the oldest sector of the 
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aquaculture industry. For example, the commercial culture of the Pacific oyster in 
British Columbia began soon after it was first introduced from the Far East in 1912, 
and in the Gulf of Taranto in Italy, it was an important large commercial commodity 
since the Middle Ages (Cataudella and Spagnolo 2013). As such, these examples 
provide an excellent basis for the focus on cultural services of marine bivalve aqua-
culture in this book section in general, and the socio-economics of the respective 
coastal communities in particular. Our focus will be exclusively on cultured bivalve, 
not on the many and complex systems around the world where wild bivalve is 
harvested.
17.2  What Defines Bivalve Culturing Communities?
For this paper, we define a ‘culturing or producing community’ as a coastal com-
munity anywhere in the world, where most of its local residents are directly (e.g., 
farm operator) or indirectly (e.g., manufacturer of clam mesh bags or further pro-
cessing of the harvested crop) dependent on marine bivalve aquaculture, and who 
receive goods and services from this culture. These can be a Norwegian coastal 
community directly running “semi-intensive” marine bivalve farms, or a local com-
munity in Panama of which most members work in a foreign-owned farms, or an 
extensive relayed mussel on-bottom farming for a local community in China. The 
individual ownership settings, responsibilities, time, and finances invested vary 
depending on the position in the entire process (if existing) – who is doing the cul-
turing, running the businesses, taking care of health standards, doing the marketing, 
etc.
The overarching question here is the (variable) degree of dependency on marine 
bivalve aquaculture. Dependency also develops and ‘materialises’ differently as to 
whether the producer is purely oriented towards economic gain, or whether his/her 
motivation is rather a combination of tradition and socio-cultural factors. The level 
of dependency therefore varies for these communities and for their members, and so 
does whatever is at stake for them, whether it is the main source of income, or the 
clean coastal waters for paying tourists to enjoy. Often, the higher the dependency, 
the higher is the potential of being vulnerable to shocks, and the higher is the 
responsibility people are willing to take on.
Thus, depending on the contextual setting of bivalve cultivation, the goods and 
services to these communities vary across scale and time – hence, the identification 
and value of the cultural service of this activity also surface differently, which pin-
points to the dilemma of capturing the cultural services of bivalve cultivation across 
different global settings. One point of entry to tackle this is to look into more detail 
on the socio-economic typology of bivalve cultivation.
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17.3  Cultural Services
The broad range of important aspects mentioned in the previous sections has already 
provided some vital insights into the wide range of cultural services the coastal com-
munities involved in bivalve aquaculture are receiving at present, and could be 
receiving in the future (Daniel et al. 2012). The Millennium Ecosystem Assessment 
(2005) defined cultural services as “the non-material benefits people obtain from 
ecosystems through spiritual enrichment, cognitive development, reflection, recre-
ation, and aesthetic experience, including, e.g., knowledge systems, social relations, 
and aesthetic values”. Understood in this context, cultural services of bivalve aqua-
culture move way beyond the cultural aspects of shells as money for traditional cer-
emonies (Duncan and Ghys 2018). Cultural services have “value in their own right, 
and they can play an important role in motivating public support for the protection of 
ecosystems” (Daniel et al. 2012, p. 8817). In the context of sustainable bivalve aqua-
culture, one rather tangible cultural service is that it enables coastal rural communi-
ties to stay in their familiar environment and not having to move away to urban areas 
for employment. Thus, bivalve culture may act as important keystone activity for 
local meaning-making, shaping the cultural identities of a place and ownership. This 
again can be linked to some less visible cultural services such as job satisfaction, 
freedom, way of life, lifelong learning, providing a sense of home, relation to nature, 
spiritual value of ‘being out there’, the knowledge of doing something with and for 
the marine environment, and for sustaining a healthy food production and a healthy 
coastal ecosystem. Other examples for cultural services extend even to the visitors of 
the region and the tourism industry, in that bivalve aquaculture can offer opportuni-
ties for tourists to experience aquaculture as an occupation one may not come across 
very often, and in addition profit from the produced healthy food. This may even lead 
to promoting local food culture that again shapes cultural identities and place-based 
meaning making (SAPEA 2017), as well as to external benefits if the bivalve prod-
ucts are used outside the SES where they were produced.
17.4  Socio-economic Controversies: Benefits, Dependencies, 
Complementarities
Despite some clear and much needed socio-economic benefits from marine bivalve 
aquaculture, it also competes for economic, social, physical, and ecological 
resources, can limit the perceived beauty of a seascape, and can result in environ-
mental degradation (Bacher et al. 2014).
The economic effects of marine bivalve culture on the culturing communities can 
be immense (e.g., in terms of investments, market influence, risks and hazards, ben-
efits) and its repercussions to society vast. Municipalities may oppose establishment 
of marine bivalve aquaculture unless the benefits to the municipalities are made 
clear, transparent, and actually stay in the communities.
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Bivalve culture has been a vital part of global coastal communities’ livelihoods 
for centuries, and has contributed a vital, sometimes the main, part to local incomes. 
This can be substantial and means a substantial vulnerability to crises driven by 
environmental changes (Guillotreau et al. 2018a). In the following, insights from 
various recent case studies help to shed some light on the broad complexities of the 
socio-economic effects of bivalve aquaculture, as well as how environmental 
changes/disasters to such socio-economic important systems can affect the depen-
dent communities (incl. producers, wholesalers and consumers; e.g., Héral and 
Deslous-Paoli 1991). One important example is the Bonamia outbreak in European 
oyster cultures, which also led to the introduction of the Pacific oyster (Buestel et al. 
2009; Bromley et al. 2016).
During the last decades, harvested and cultured bivalves around the world have 
been repeatedly struck by mass mortality events/episodes, leading to socio- economic 
vulnerabilities and the development of adaptation strategies by the culturing com-
munities (Guillotreau et al. 2018a). The various mitigation or adaptation responses 
of farmers and farming communities have rarely been assessed for their social and 
ecological aspects (Bundy et al. 2016; Guillotreau et al. 2018b). In France in sum-
mer 2008, for example, the consequences of young oyster mass mortality events 
related to environmental change affected an entire bivalve culturing profession and 
its related SES. Short-term effective responses came mainly from the industry itself: 
against all scientific recommendations, the oyster farmers decided to over-invest in 
hatcheries and spat (oyster seed) collection to compensate for the high mortality 
rates striking the cultured stocks. This resulted in significant market price increases 
after the decline of output levels, resulting in better profitability levels for the sur-
viving firms (Guillotreau et al. 2018b).
In Matsushima Bay, north-eastern Japan, oyster farming also constitutes a major 
activity (Seki 2018). The Great East Japan earthquake and tsunami in March 2011 
destroyed fishing boats and oyster farms, as well as sewage treatment facilities. This 
resulted in coastal pollution and ultimately the spread of Norovirus, resulting in 
widespread food poisoning caused by consumption of contaminated oysters. Again, 
the oyster industry was the driver of first responses by adopting a virus inactivation 
(heat) treatment of shucked oysters (Seki 2018). In this case, however, this treat-
ment substantially modified the oysters, vastly reducing the price at which they 
could be sold, hence resulting in an income decline for the over 160 farmers in the 
area. However, alternative and more innovative methods to stop pathogenic pollu-
tion are difficult to find, especially with dysfunctional sewage treating facilities.
In another case from the US Pacific Northwest (Washington and Oregon) in sum-
mer 2007, substantial production failures of Pacific oyster (Crassostrea gigas) lar-
vae in the three main bivalve hatcheries jeopardized an industry worth 
US $270 million and 3200 jobs in Washington State alone (Cooley et  al. 2018). 
Scientists and industry cooperated and identified ocean acidification to be the major 
cause, exacerbated by nutrient runoff and sluggish exchange with ocean water in the 
region. As an immediate response, the hatcheries began ocean acidification moni-
toring and building hatcheries outside of the region. A state-level panel consisting 
of scientists, industry representatives, elected officials, and natural resource manag-
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ers reviewed knowledge around ocean acidification and recommended appropriate 
responses, e.g. to advance research and monitoring in cooperation with Washington 
State University. A Marine Resources Advisory Committee was established to con-
tribute to multi-stakeholder consultative policymaking for the aquaculture-depen-
dent industry, and to prioritize ocean acidification in regional-level management 
efforts. These state-level responses originated primarily from informal governance 
networks, led by charismatic industry representatives who used their social capital 
also to exert influence on science and policymaking.
The final example from British Columbia’s aquaculture industry (Canada), 
which dates back to 1912, focuses not on the challenges of adaptation to shocks but 
is included here to show-case the strong dependency and socio-economic impact 
bivalve aquaculture systems can have (Vancouver Island University, Centre for 
Shellfish Research2). In this region, the most commonly farmed species since 1912 
are the Pacific oysters (Crassostrea gigas) and Manila clams (Venerupis philippina-
rum). In 2003, the aquacultural production was equivalent to that of the wild indus-
try. Currently, there are 460 licensed shellfish tenures occupying 2114 ha in British 
Columbia (BC Agriculture & Lands). Much of the economic benefit and impact 
associated with the industry remains in the coastal communities and local econo-
mies of Vancouver Island and British Columbia’s mainland. The great majority of 
bivalve operators are still small companies, many of which are family-owned, thus 
providing permanent, year-round employment in areas where jobs are scarce and 
the percentage of displaced workers is high. On a percentage basis, the bivalve 
aquaculture industry spends more on wages than other sectors such as conventional 
agriculture and fishing. Currently, 700–1000 direct jobs can be attributed to this 
industry, with workers under the age of 30 holding approximately 50% of those 
jobs. In addition to direct jobs, there are >500 jobs associated with industries that 
supply and service bivalve aquaculture. This ‘spin off’ employment is itself also 
located in rural coastal communities, rather than in the larger urban centres.
17.5  Discussion
The examples outlined above clearly show some of the socio-economic challenges 
and potential risks affecting the various levels and scales of marine bivalve aquacul-
ture. The strong involvement of local communities and the related institutional 
arrangements, for example related to property rights, are shaped and reshaped as 
part of the interactions between users/stakeholders and ‘their’ marine resources. To 
highlight some of the more visible challenges, the following two sections will dis-
cuss relevant aspects of such ‘shaping processes’ taking place in the everyday 
activities of culturing communities (17.5.1) and the involved multidisciplinary 
research and governance environment (17.5.2).
2 https://www2.viu.ca/csr
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17.5.1  Critical Processes
Aquaculture activities can be at the centre of a number of diverse conflicts – as seen 
in many contemporary public discourses as well as in the examples above. Marine 
bivalve aquaculture can indeed be both a source as well as a victim of factors lead-
ing to conflict.
Pollution, as exemplified above, can be one main source of conflict for the bivalve 
culturing communities. Especially, in regard to its direct linkage to health risks and 
biosafety aspects as the more obvious risks, but also financial, legal, and insurance 
risks for every stakeholder involved in the culturing of bivalves, and the marketing 
and distribution of the bivalve products. As such, they also indicate some of the 
obstacles towards the implementation of sustainable aquaculture, but also pathways 
to some of the potential solutions.
Bivalve cultivation can also be faced with increased social conflicts between the 
stakeholders involved - farmers, nature conservationists, recreation/tourism, fisher-
ies, shipping (commercial/private) and people aesthetically impacted by installa-
tions. These conflicts (e.g., with fisheries, wind farms) are often based on competition 
for space (and hence substractability, where one user’s use directly affects the 
potential of resource use by another). Most EU countries employ a complex aqua-
culture planning consultation process to minimize the environmental impact of their 
culturing developments, and to ensure that the deposit and cultivation of aquacul-
ture animals does not conflict with rights of others (e.g., moorings/boats, farm efflu-
ent, sites of scientific interest, tourism). These processes follow, for example the 
Best Management Practice of the UN Food and Agriculture Organisation, as well as 
the Best Environmental Practice (BET) and Best Available Technique (BAT) guide-
lines (FAO Code of Conduct for Responsible Fisheries3). In addition, industry codes 
of practice are designed to encourage sustainability with minimum impact (e.g., see 
the Association of Scottish Shellfish Growers Code of Best Practice for shellfish 
aquaculture4).
A new emerging and promising avenue towards sustainability and the acknowl-
edgement of the positive effects of bivalve cultivation are the certification schemes 
of cultured bivalves. Some of the aspects commonly considered for bivalve certifi-
cation include land and water use, water pollution, benthic effects, effects on biodi-
versity, use of antibiotics and other chemicals, and relationships with workers and 
local communities (Boyd et al. 2005). Further discussions include water use con-
flicts (see above), public health risks associated with bivalve consumption, and the 
introduction of non-native species and related genetic alterations, e.g. of oysters 
(Boyd et al. 2005; Cranford et al. 2012). To date, certification schemes face the chal-
lenges of most aquaculture products on what to certify and how to certify aquacul-
ture production itself. Despite these difficulties, it is something many culturists are 
keen to achieve, and are, more often than not, actively driving this process forward. 
3 http://www.fao.org/docrep/005/v9878e/v9878e00.htm
4 www.assg.co.uk
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This is especially valid, as they already have to work with very high environmental 
and human health standards (at least in Western societies).
While organic certification is a promising tool towards sustainability, organiza-
tions currently use different standards for organic certification, which have to be 
evaluated. Certification schemes relevant in some way to aquaculture have been 
reviewed by Corsin et al. (2007) and the World Wildlife Fund (WWF). The latter 
also co-founded the Aquaculture Stewardship Council in 2010, which targets 
‘responsible aquaculture’ and includes social standards.5 Other organisations active 
in this field include the UN Food and Agriculture Organisation, Friend of the Sea,6 
Naturland (the only organic certification scheme at present7), Global G.A.P. (mainly 
focussing on farm assurance with only some sustainability components8), and the 
Aquaculture Certification Council, which, in addition to environmental and safety 
standards, also includes social standards (recently changed to Best Aquaculture 
Practices Certification9). The Marine Stewardship Council10 is only interested in 
ecologically sustainable fisheries, with only capture-based bivalve aquaculture 
operations certified. The majority of certification schemes have in common that they 
consider (or at least strive for) ecological sustainability as key requirement for 
securing long-term socio-economic benefits (and hence cultural services). Some 
include social standards (closely linked to cultural services), most do not (yet). 
There remains much scope of improvement of certifications schemes for bivalve 
aquaculture to cover all the aspects related to the culturing activities, including con-
siderations of the social, economic, and environmental impact of bivalve culture and 
management (Cranford et al. 2012). This also requires a critical reflection on other 
(often unintended) consequences of certification schemes, for example, bivalves 
that used to be available for local consumption, trade or cultural services may be 
exported to a global market through preferred (high retailer demand) markets for 
certified aquaculture products. The phenomenon of marine bivalve aquaculture 
products being shipped around the world may have repercussions on the availability 
of and access to these bivalves by local communities (Brenner et  al. 2014; 
Muehlbauer et al. 2014). Particularly, where small-scale aquaculture producers are 
in the employ of companies or depending on middlemen, the economic benefits 
from harvesting a certified resource may not reach them in full extend.
Sustainability issues related to responsible consumption of cultured bivalves 
received increasing attention over the course of the last decades. In response to 
consumer requests for organic products, organic certification of cultured bivalves is 
therefore gaining speed. The afore-mentioned aspect to local production for global 
markets, however, does question sustainability and has to be integrated in the evolu-
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can have adverse effects on the ecosystem, such as bottom disturbance when dredg-
ing for seed, enhanced deposition of organic material in local areas, and reduction 
of the carrying capacity for other filter feeders, as well as effetcs on the entire eco-
system (e.g., Byron et al. 2011; Filgueira et al. 2015; Smaal and van Duren 2018). 
Together with potential changes in biodiversity as induced by the introduction of 
culture facilities and the bivalves themselves, these aspects could again impact the 
outcome of certification processes.
Directly relevant to the certification schemes for marine bivalve aquaculture, 
there is a discussion on the reliability of tools and methods for genetic confirmation 
of species identification of cultured bivalves, as the correct species’ names are not 
always available. A review of current methods and recommendations for species 
identification are needed. Correct names are important for commercial purposes and 
certification, as well as for disease control and management, thus inherently affect-
ing the culturing activities of the local communities. For example, the introductions 
of closely related species that can produce infertile hybrids should be avoided.
The introduction and translocation of live bivalve from hatcheries and field sites 
around the world, can involve the introduction of non-indigenous species, dis-
eases, parasites, and harmful algae. Potential implications to wild and cultured 
stocks include impacts on recruitment, reduced fitness, increased competition, and 
predation, as well as change in genetic composition, diversity, and polymorphism. 
Information is gathered and needed on guidelines for, and records of, the transfer of 
cultured bivalve in ICES countries (ICES 2009). Potential implications and effects 
of the introduction and transfer of alien species need to be considered to help mini-
mize impacts and guide farmers, aquaculture-dependent communities and policy 
makers in support of the development of policy decisions on cultured bivalve 
transfers.
Finally, there are also some positive practical considerations that need to be 
highlighted briefly. Despite these daunting conflicts and challenges, bivalves never-
theless make an excellent candidate for an organic product, as it does not need 
additional foreign-source input of feed other that naturally occurring phytoplank-
ton. Furthermore, their protein content makes them an interesting option from the 
point of providing and maintaining food security for the growing world population 
(SAPEA 2017). In addition, during their life in the coastal zone, they also have a 
role in ecosystem services such as reducing nutrients in the water column and acting 
as a carbon sink (see other papers in this book). An oyster farm of about 1 ha can 
compensate for the nitrogenous waste of 40–50 coastal inhabitants (Shumway et al. 
2003; Petersen et al. 2018). In this way, bivalve feeding can also avoid harmful algal 
blooms. These health and safety aspects are clearly not to be underestimated in their 
importance to the communities. Bivalve aquacultures operate under public health 
standards, e.g., waters that are certified under national sanitation programmes, and 
are thus regularly and strictly monitored. For example, in the USA, the National 
Shellfish Sanitation Program (NSSP) standards exceed those required for swim-
ming; and failure has immediate consequences such as the closing of waters to 
harvest. The presence of bivalve aquaculture therefore often results in increased 
awareness and monitoring of environmental marine conditions. No untreated 
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 sewage can be tolerated, a different marine stewardship develops, and other harmful 
inputs into the local waters are regularly monitored alongside. This correlation has 
often provided political impetus for improvement of sewage and wastewater treat-
ment, not rarely placing bivalve farmers first in the line of defence towards enacting 
laws on water quality, implementing technological advances, etc.. Many bivalve 
producing companies have or are developing ‘environmental codes of practice’, 
including, for example, best management practices, to ensure that as the industry 
develops, it maintains a responsible environmental record (e.g., in Scotland), which 
again can facilitate the development of certification schemes. Cultured bivalves 
therefore do not only represent a valuable food product, their cultivation can also 
enhance alternative livelihoods in rural areas, provide social welfare, as well as 
ecological, economic, social and cultural services (e.g., improving social capital 
related to certification standards).
17.5.2  Working with Socio-economic Indicators?
To support the marine bivalve aquaculture activities of the involved communities, 
our perceived role as scientists in the development of a management approach for 
bivalve aquaculture impacts is to provide science-based advice (e.g., Kluger et al. 
2017) on:
• Effective performance-based approaches and indicators for characterizing eco-
system status and impacts of a highly diverse bivalve aquaculture industry;
• Identifying the potential consequences to coastal marine ecosystems from 
changes in ecosystem status and impacts, and identifying related thresholds of 
potential public concern;
• Identifying effective measures for preventing or mitigating any impacts from 
bivalve aquaculture;
• Reviewing and assessing available management frameworks that facilitate eco-
logical sustainability by considering their capacity to incorporate an ecosystem 
perspective, societal values, and the economic viability for industry (ICES 2009).
Socio-economic science considerations are paramount in setting critical decision 
criteria, e.g., what constitutes an unacceptable impact? Deliberations on many com-
ponents of a pragmatic bivalve aquaculture management framework require the dis-
cussion of costs to the diverse industry involved (e.g., for monitoring) and “potential” 
public concerns (e.g., impact mitigation measures). To help define what level of 
impacts are ‘acceptable’, ecology and socioeconomics can help in clarifying the 
values and expectations of different groups, and contribute to the economic evalua-
tion of environmental services. Furthermore, environmental conservation and pro-
tection, and other legislations pertaining to the utilization of coastal areas, are 
clearly important considerations for the selection of indicators, and particularly for 
the setting of regulatory triggers/thresholds.
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An integrated, ecosystem-based bivalve aquaculture management approach 
requires endorsing socio-economic activities, potential societal consequences, as 
well as the environmental dimensions of sustainability (Cranford et  al. 2012). 
Indicators of socio-economic issues not only need to measure the operating perfor-
mance of commercial bivalve cultures, which at its simplest could be summarized 
using financial ratios, but also the wider impacts of aquaculture on society at large. 
Indeed, it is precisely these impacts which can be expected to invoke an institutional 
response intended to alter the way in which aquaculture is regulated and managed.11 
Among the many different indicators proposed in the literature, some are of direct 
relevance for bivalve culture operations. They are related to four different overarch-
ing social dimensions, namely (1) the social acceptability of the bivalve culture, (2) 
the supply availability to the market, (3) the livelihood security for the local com-
munities, and (4) the economic efficiency of bivalve culture operations. Possible 
indicators related to these four social dimensions are outlined below (cf. ICES 
2009).
 1. Social acceptability of the bivalve culture operations can be assessed with two 
indicators:
• Public attitude towards aquaculture (bivalve culture). This is evaluated by 
means of regular enquiries, using statistical treatments (Whitmarsh and 
Wattage 2006).
• Assessment of emerging and existing conflicts. Bivalve culture may be the 
origin of visual intrusion, which may affect tourism, or it may compete for 
space with other coastal activities in a spatially constrained environment. 
These can be evaluated by means of observations, regular interviews with 
local stakeholders, and institutional bodies.
 2. An indicator on the supply availability to the market corresponds to the con-
sumption of bivalve products per capita (in those cases where bivalves are con-
sumed locally) and to their entailing costs for the consumer:
• The consumption of bivalves is usually computed at national levels, indicat-
ing the quantity of food per capita and per year.
• The consumers’ price is based on the trends in wholesale prices. Large 
national markets publish trade journals from which these data can be obtained.
 3. Livelihood security for the local communities corresponds to the well-being of 
the bivalve producer on the local level. Indicators that address this issue pertain 
to:
• Income per capita. The importance of aquaculture in supporting local liveli-
hoods is most directly measured by per capita income in this sector. A proxy 
measure may be derived based on the ratio gross value added (GVA) to 
employment.
11 www.ecasa.org.uk
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• Employment rate. Total employment is a measure of the scale (or ‘impor-
tance’) of the aquaculture industry in absolute terms. It is an indicator of the 
number of people that depend on aquaculture directly and indirectly for their 
livelihood. It has a political as well as an economic significance.
However, these two indicators do not consider long-term aspects of income 
provision, inherent to the implications of the term ‘livelihood security’. A 
bivalve culture classified as ‘secure’ through this may still be vulnerable 
towards external (e.g., environmental or market-driven) disturbances.
 4. One of the most important group of indicators relate to the direct economic effi-
ciency of a particular bivalve aquaculture operation. These can be gauged as 
follows:
• Productivity ratio. Productivity is a measure of output per unit of input. For 
instance, trends in labour productivity are an important indicator of technical 
progress in aquaculture, and productivity differences between farms may 
indicate which farms are most vulnerable to falling prices and profits.
• Protection costs. Costs may be incurred in dealing with the environmental 
impact of aquaculture, and are likely to consist of two elements: (i) Compliance 
costs incurred bivalve cultures (e.g., arising from the obligation of producers 
to undertake Environmental Impact Assessments (EIAs)), and (ii) regulation, 
surveillance and enforcement costs by the respective institutions. 
Environmental protection costs are the counterpart of environmental damage 
costs. Thus, an inverse relationship between these can be expected.
• Profit. Profitability is a basic indicator of financial viability. In the absence of 
published data, the profitability of a bivalve operation can be addressed and 
calculated from its different elements (i.e. input costs, pricing of products, 
etc.)
Finally, a further dimension of socio-economic indicators could be the existence 
and performance of financial and social security institutions for culturists/pro-
ducers (e.g., FAO 1985), including:
• Specialized banking organisations (e.g., The Fund for Regulation and 
Organisation of the Market for sea and marine culture products in Spain), to 
improve the collective infrastructure of the sector;
• Socio-educational programmes to enable the participation and representation of 
culturists/producers;
• Acknowledgement of culturists’ “brotherhoods” and shared reimbursement, 
which in the Mediterranean date back to the thirteenth century and can have the 
power to negotiate and ensure authority, e.g., for participation in government 
decisions (sometimes evolved into professional chambers with extensive man-
agement powers).
G. Krause et al.
331
17.6  Conclusions and Outlook
The information in the section above summarizes some of the complexities sur-
rounding marine bivalve aquaculture. This snapshot already very clearly highlights 
the contextual nature of the cultural and socio-economic benefits and implications 
for communities living with and from these cultured products. Marine bivalves can 
thus represent important opportunities for economic activity and for supporting 
social cohesion in coastal rural areas, providing potential jobs to areas that may be 
economically isolated otherwise. If working well, the culturing community hence 
contributes to the well-being of all its members, by their willingness to cooperate 
with each other in order to survive and prosper.
Due to its ocean-bound nature, marine bivalve aquaculture could also provide an 
occupational alternative for migrant or job-seeking fishers (i.e., fishers who did not 
lose their job due to aquaculture). This statement clearly has to be made with cau-
tion in view of evidence that fishers are not farmers and may find it difficult if not 
impossible to adapt and adopt to commercial bivalve culture. Nonetheless, bivalve 
aquaculture development can preserve the character and ambience of seaside fishing 
communities, utilize the local acquired knowledge and skills of the coastal resi-
dents, and allow the local denizens to remain economically and culturally tied to the 
marine environment.
The consideration of the socio-economic aspects of culturing communities 
should, however not stop at the local level, nor at the border of each country. These 
small-scale projects must have a privileged status on domestic markets particularly 
in developing countries. Nevertheless, they can also be extrapolated internationally 
via well-developed and sustainable markets and trade pathways.
Finally, a further dimension, which is important but goes beyond the scope and 
objective of this paper, is the growing potential and spread of offshore bivalve aqua-
culture (e.g., in concepts such as Open Ocean Aquaculture or Open Sea Shellfish 
Farming). This brings a very different perspective to the discourse and reality of the 
culturing and producing communities, with implications on their responsibilities 
and contribution in local and regional marine spatial (and potentially even protected 
area) planning efforts. This development ‘far offshore and away from sensitive eco-
systems’ has the potential to both reduce and exacerbate user conflicts, for example 
in terms of employment, ownership (of both equipment and production and plan-
ning processes), or technological choices, particularly in developing countries 
(often more directed towards producing luxury products destined for European 
countries). This leads, however - from a cultural, economic or ecosystem service 
point of stance – to the normative questions of how we can evaluate effects of new 
established marine management strategies such as a marine spatial planning act. 
What are indicators of the status of social perception of bivalve culture that can help 
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in avoiding conflicts? How do social values and norms as well as administrative 
organizations in different countries/regions affect trends in the intensity, methodol-
ogy, structure, and type of aquaculture? Moreover, who decides, what type of social 
value will be traced in the planning and management process? These are clearly 
important aspects to consider in the management of shellfish resources and bivalve 
cultivation in particular, in such a way that they will generate cultural (and other) 
services in the longer term.
One of the closer objectives will be to identify specific cross-cutting and integra-
tive methods (to also include local historical and long-term data, for example) to 
support the evaluation of the direct and indirect socio-economic consequences of 
aquaculture operations at all levels, from the local to the global. In this way, already 
existing socio-economic data and lessons will not be lost but their applicability used 
and further developed, to identify current data gaps and more narratives of success-
ful sustainable marine bivalve aquaculture projects.
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